The "VISTA Variables in the Vía Láctea eXtended (VVVX)" ESO Public Survey is a near-infrared photometric sky survey that covers nearly 1700 deg 2 towards the Galactic disk and bulge. It is well-suited to search for new open clusters, hidden behind dust and gas. The pipeline processed and calibrated K S -band tile images of 40% of the disk area covered by VVVX was visually inspected for stellar over-densities. Then, we identified cluster candidates by examination of the composite JHK S color images. The color-magnitude diagrams of the cluster candidates are constructed. Whenever possible the Gaia DR2 parameters are used to calculate the mean proper motions, radial velocities, reddening and distances. We report the discovery of 120 new infrared clusters and stellar groups. Approximately, half of them (47%) are faint, compact, highly reddened, and they seem to be associated with other indicators of recent star formation, such as nearby Young Stellar Objects, Masers, H ii regions or bubbles. The preliminary distance determinations allow us to trace the clusters up to 4.5 kpc, but most of the cluster candidates are centered at 2.2 kpc. The mean proper motions of the clusters, show that in general, they follow the disk motion of the Galaxy.
INTRODUCTION
The Milky Way environment provides a unique place to test the predictions of cosmological models and the theories of galaxy formation. Moreover, our location within our own Galaxy gives us a close-up look at star clusters which in turn has implications on extragalactic star clusters studies with the next generation facilities like the NASA's James Webb Space Telescope (JWST) and the ESO's European Extremely Large Telescope (E-ELT). In preparation for these we have to complete the census of star clusters in the Galaxy, as well as to create template samples of well understood benchmark star clusters. This has motivated the renewed interest in star clusters, made possible by the new all-sky infrared (IR) surveys, such as 2MASS (Two Micron All Sky Survey; Skrutskie et al. 2006) , GLIMPSE (Galactic Legacy Infrared Mid-Plane Survey Extraordinaire; Benjamin et al. 2003) , WISE (Wide-field Infrared Survey Explorer; Wright et al. 2010) , VVV (VISTA Variables in the Vía Láctea; Minniti et al. 2010 ) and UKIDSS GPS (The Galactic Plane Survey; Lucas et al. 2008) . These new IR surveys added many new objects to the traditional optical catalogs (e.g. WEBDA Dias et al. (2002) ; MWSC or Milky Way global survey of Star Clusters database - Kharchenko et al. 2013 , Schmeja et al. 2014 , including some heavily ob-scured star clusters visible only in the infrared (hereafter, IR clusters; see for example Morales et al. 2013; Zasowski et al. 2013; Camargo, Bica, & Bonatto 2016) . Taking into account the resent work of Ryu & Lee (2018) , the total number of known infrared clusters has know exceeded 6300 objects.
Many of these new IR clusters are based on the ESO Large Public Survey VISTA Variables in the Vía Láctea -VVV 1 , because it delivered deep sub-arcsec seeing ZY JHK S images and photometry (Minniti et al. 2010; Saito et al. 2012) . The VVV survey mapped the IR variability of the Milky Way bulge and southern mid-plane over a period of six years (2010) (2011) (2012) (2013) (2014) (2015) (2016) . The VVV footprint contained about 300 known clusters, but more than 750 new clusters and candidate clusters were added in VVV-based works (e.g., Borissova et al. 2011 Borissova et al. , 2014 Solin et al. 2014; Barbá el al. 2015; Ivanov et al. 2017; Froebrich et al. 2017) . Follow-up spectroscopy of some new candidates confirmed their cluster nature, improving the census of young massive clusters in the Galaxy: seven new ones were added and they contain at least one newly discovered WR star (Chené et al. 2013 (Chené et al. , 2015 Hervé et al. 2016) . We have reported a new, massive WR star (>100 solar mass, Chené et al. 2015) , a new, massive cluster in the far edge of the Galactic bar , etc. The multi-epoch K S VVV observations also made it possible to investigate the IR variability of the cluster members Navarro Molina et al. 2016; Medina et al. 2018) .
The existence of these previously undiscovered open clusters was predicted by Portegies Zwart et al. (2010) , but the VVV survey has also improved the census of globular clusters in the Galactic bulge and disk. The number of globular clusters in our Galaxy was estimated to be not more than 160 (see Ivanov et al. 2005 , for an empirical approach to the missing globular clusters). But recent discoveries in the VVV area reveal about 100 new globular cluster candidates (Minniti et al. 2011; Moni Bidin et al. 2011; Borissova et al. 2014; Minniti et al. 2017a,b,c) . If confirmed, this will drastically change the landscape of the old cluster population in our Galaxy.
A new project, "VISTA Variables in the Vía Láctea eXtended" (VVVX) survey, was launched in 2016 as an extension of the complied VVV survey in order to enhance its legacy value. The VVVX will spend a total of ∼2000 hr of VISTA time over 3 years to extend the VVV time-baseline and to nearly double the VVV spatial coverage up to ∼1700 deg 2 from l=230 • to l=20 • (7 h < α < 19 h ). Based on the VVV experience, our predictions are that VVVX will also significantly increase the number of star clusters in our Galaxy. Many are expected near the tangent point of the Carina arm region, which harbors very massive young clusters such as Westerlund 2, NGC 3603 and the Carina Nebula Complex. The extension of VVVX towards the third Galactic quadrant is fundamental to unveil new clusters along the Perseus arm and to trace the proposed Outer arm, reaching the edge of the Galactic disk.
Thus, following Borissova et al. (2011) we expanded our investigation of the Milky Way cluster population to include the new areas covered by VVVX, aiming to improve the star cluster census and to continue building a statistically 1 P.I. D. Minniti, https://vvvsurvey.org significant sample of clusters, with homogeneously derived parameters. We concentrate on objects that are practically invisible in the optical bands. The improved catalog of star clusters in the Galaxy can help to constrain theoretical models of cluster formation (e.g., Pfalzner et al. 2016) and to determine some fundamental relations between basic cluster parameters.
Two and half years after the start of the VVVX survey we have at our disposal only a part of the VVVX footprint. In this paper, we report the first results of our visual search for new star cluster candidates in the VVVX disk area. More specifically by April, 2018, appox. 55% of the new VVVX area was observed. From this, we have searched 74%, excluding only the extension of the VVVX bulge, which we plan to examine by automated tools. With respect to the whole new VVVX area the total area searched in this paper is 40%.
OBSERVATIONS AND DATA REDUCTION
The VVV and VVVX data were obtained with the 4.1-meter ESO VISTA telescope (Visual and Infrared Survey Telescope for Astronomy; Emerson, McPherson & Sutherland 2006) located at Cerro Paranal, Chile, with the 16-detector VIRCAM (VISTA Infrared CAMera; Dalton et al. 2006 ). It has a ∼1 × 1.5 deg 2 field of view and works in the 0.9-2.5 µm wavelength range and a pixel scale of 0.34 arcsec px −1 . The data are reduced with the VISTA Data Flow System (VDFS; Irwin et al. 2004; Emerson et al. 2004 ) at the Cambridge Astronomical Survey Unit 2 (CASU). Processed images and photometric catalogs are available from the ESO Science Archive 3 and from the VISTA Science Archive 4 (VSA; Cross et al. 2012) . A single VIRCAM image, called paw, contains large gaps; six paws taken in a spatial offset pattern must be combined to fill them in, obtaining a contiguous image, called tile. The VVVX paws and tiles are aligned along l and b. The total exposure time of the tiles are: 8 sec in K S (for a single epoch), 24 sec in H and 60 in J band. The tiles overlap by a few arc minutes in Galactic latitude and longitude -just like with the VVV -to ensure homogeneous coverage, spatial continuity and overall photometric and astrometric consistency. The tile overlaps result in a small fraction of duplicate sources, which is advantageous for variable stars, but that must be taken into account when analyzing maps or star counts that span wider areas than that of a single tile. Importantly, these tile overlaps allow to test the intrinsic accuracy of the photometry and astrometry. Therefore, the VVVX followed the same observing strategy as the VVV. Figure 1 shows the VVV and VVVX footprints. In the bulge this corresponds to 20 • × 24 • (14 × 22 tiles). These are shown in Fig. 1 in red for the former VVV tiles (b201 to b396), in cyan for the new southern bulge extension from tiles b401 to b456, and for the new northern bulge extension from tiles b457 to b512. The new northern disk area covers a 10 • × 9 • patch (7 × 8 tiles). These are shown in green in Fig. 1 , from tiles e933 to e988. The new southern disk area covers 120 • × 9 • , split into two stripes of 83 × 2 tiles each ( Fig. 1 ; tiles e601 to e766, and e767 to e932 are marked in Figure 1 . The VVVX Survey area. The red squares show the VVV Survey tiles, the green -the Northern disk extension, the cyan -the bulge area extension, the blue -the extensions of both sides of the South VVV disk, and the yellow -new VVVX outer disk fields. The searched areas are filled with green and dark blue colors. The numbers in each tile are its identification number (top) and the number of K S epochs by April 12, 2018. blue) and an extension along the Galactic mid-plane region by 65 • × 4 • , (Fig. 1 , tiles e1001 to e1180 are shown in yellow). The original VVV-disk area is also shown in red in Fig. 1 , consisting of tiles d001 to d152. During its first two and half years (2016 to 2018), the VVVX survey covered in the JHK S bands the southern bulge extension from tiles b401 to b456; e601 to e766, and e767 to e932. The northern disk tiles are from e933 to e988.
CLUSTER SEARCH AND VALIDATION
Our previous experience has shown that the number densities used by automated cluster searches (Ivanov et al. 2002; Borissova et al. 2003) tend to yield a large number of spurious cluster candidates in the inner Milky Way, because of the uneven distribution of the obscuring dust. They require time-consuming manual follow up at different, e.g. mid-IR wavelengths, and at the end they are not much more effective than simple visual searches. Furthermore, here we are aiming at relatively faint and heavily reddened clusters, undiscovered in the 2MASS, DENIS and GLIMPSE surveys. Therefore, we adopted the visual inspection as our search method. All observed images were retrieved from the CASU database and initially the K S tile images were visually inspected. The preliminary list of candidates was created on the basis of the detected local overdensity of the number of stars with respect to the surrounding area. Then, the composite JHK S color images were created and we verified the compact appearance, distinctive from the surrounding field and containing at least 5-6 stars with similar colors concentrated towards the objects' center. Figure 2 shows the composite JHK S color images of some newly discovered cluster candidates and stellar groups for illustration. The color images of the whole sample are given in the Appendix C.
The next step in our validation process was the analysis of the color-magnitude diagrams. To construct them, we performed PSF photometry of a 2.5 × 2.5 arcmin area in the J, H, and K S bands surrounding the selected candidate. We used the Dophot photometric routine following AlonsoGarcía et al. (2017) . The instrumental magnitudes were transformed to the standard system, and the saturated stars (usually K S ≤ 11.5 mag, depending on crowding) were replaced by 2 MASS stars (2MASS PSC; Skrutskie et al. 2006 ). This procedure is described in detail by Alonso-García et al. (2017) and Borissova et al. (2011 Borissova et al. ( , 2014 . Figure 3 shows two examples of color-magnitude diagrams for VVVX CL076 and VVVX CL077, both classified as open clusters. The most probable cluster members are selected by statistical decontamination procedure (for more details see Borissova et al. 2011) and Gaia DR2 proper motion diagrams (see next paragraph). Following Zasowski et al. (2013) , we then fit the Padova theoretical isochrones with solar metallicity (Bressan et al. 2012) (http://stev.oapd.inaf.it/cgi-bin/cmd). The best fit for VVVX CL076 is 32 Myr, while VVVX CL077 is most probably 10 Myr old. We used the Gaia RD2 parallaxes as initial values for the distances (see Table B1 ), while the mean reddening is determined in the interactive process of the fitting as E(J −K S ) = 1.6±0.2 and E(J −K S ) = 1.7±0.2, respectively. The color-magnitude diagrams of the whole sample, excluding very faint and compact candidates, are given in Appendix D. The ages of the cluster candidates however will be a subject of follow-up paper, together with up-coming spectroscopic data.
The Gaia astrometric mission was launched in December 2013 (Gaia Collaboration et al. 2016 ) to measure positions, parallaxes, proper motions and photometry for over 10 9 sources as well as to obtain physical parameters and radial velocities for millions of stars. Its recent Data Release 2 (Gaia DR2), has covered the initial 22 months of data taking (Gaia Collaboration et al. 2018) . As pointed out by Gaia Collaboration et al. (2018b), it is expected that the members of the clusters span small range of distances and their members follow a common space motion which is, in general, different from the bulk of the field stars in the same region. This is illustrated in Fig. 4 (lower panel) for the massive open cluster Danks 2. Thus, we can select the stars with common proper motion and their mean parallax can give us the distance to the cluster. In our case, only small number of probable cluster members have Gaia DR2 counterparts, because we are covering the infrared bands and fainter stars. Moreover, the cluster members are moving with the disk and it is hard to distinguish between both motions. Therefore, we adopted the following procedure: the most probable cluster members from the statistically decontaminated K S vs (J − K S ) diagrams (Fig. 4 , upper, red solid circles) are cross-matched with Gaia DR2 catalog (middle, red solid circles). The proper motion vector diagrams µ δ vs µ α cos δ are created and the stars with obviously different proper motion are rejected. Whenever possible, the histograms of radial velocities are also examined and the outliers are rejected. For such "cleaned" sample of probable cluster members we calculated the median value and the standard deviation of µ α cos δ and µ δ (Col: 4 to 7 of Table B1), which we consider as the proper motion of the cluster. Then, only the parallaxes with errors less than 20% are selected and used to calculate the median parallax and its standard deviation (Col: 8 and 9 of Table B1 ). No correction of parallax zero-point is performed (Lindegren et al. 2018) . Using the TOPCAT implementation of Bailer-Jones (2015); Astraatmadja & Bailer-Jones (2016) and Luri et al. (2018) method we calculated "the best estimate of distance using the Exponentially Decreasing Space Density prior" and "the 5th and 95th percentile confidence intervals". The "best estimate" value is consider as the distance to the cluster, while the standard deviation of the 5th and 95th values is taken as the error of the determination.
It is hard to compare the obtained distances, because there is no data in the literature for our objects. Indirectly, we can compare some kinematic distance estimates when the cluster candidate is projected close to an H ii region. For example, the calculated Gaia distance of 2385 pc for VVVX CL038 is in reasonable agreement with the kinematic distance of 2024 pc of the associated H ii region WRAY16-205 (Stanghellini et al. 2008) . Nevertheless, we caution that such calculated distances should be taken as preliminary.
We have also collected K-band spectra of 3 and 2 stars for VVVX CL010 and CL011, respectively, using the IR spectrograph and imaging camera SofI in long-slit mode, mounted on the ESO New Technology Telescope (NTT) 5 . The instrument set-up give a resolution of R=2200, and the total exposure times were 900 and 1200 s. The reduction procedure for the spectra is described in Chené et al. (2012) . The equivalent widths (EWs) were measured from the continuum-normalized spectra using the iraf 6 task splot. Some parameters of these stars are measured in the Gaia DR2 catalog and are tabulated in Table 1 . To test T eff as a proxy of distance, we obtained the spectral types for every star by comparing the Gaia temperature with the Straizys et al. (1981) Sp. Type vs Temperature calibration, and then the individual extinctions and distance moduli are calculated by spectroscopic parallaxes using the intrinsic colors and luminosities, again from Straizys et al. (1981) . Thus, the distance moduli to CL010 and Cl011, calculated as a mean value of the individual measurements are (M −m) 0 = 12.61±1.07 (3.43 kpc) and (M − m) 0 = 12.01 ± 0.61 (2.56 kpc), respectively. A comparison with the Gaia distances given in Table B1 shows good agreement. Therefore, in some cases, when we have poorly measured Gaia parallaxes, but individual Gaia temperatures, it is still possible to estimate the distances using spectroscopic parallaxes. 
THE CATALOG
We identified 120 new candidate star clusters or stellar groups, listed in Table A1 . The first column gives the identification, followed by the equatorial coordinates of the center determined by eye, eye-ball measured apparent cluster radius in arcsec, the name of the corresponding VVVX tile and some comments about the nature of the object such as: presence or absence of nebulosity or H ii region around the cluster, known nearby infrared, radio and Xray sources, young stellar objects (YSO), outflow candidates and masers, taken from the SIMBAD database (http: //simbad.u-strasbg.fr/simbad/). During the visual inspection we recovered 69 known star clusters, mainly from the lists of Bica at al. (2003) , Mercer et al. (2005) and Solin et al. (2012) , as well as some clusters from WEBDA 7 (Dias et al. 2002) database. These are not all known clusters in the VVVX area, many of optically visible clusters (for examples those from Kharchenko et al. (2013) ) are not taken in consideration. Another thirteen, previously unknown candidates are in common with Lucas et al. (2018) catalog. All these objects are removed from the catalog presented here. Finally, Ryu & Lee (2018) published a WISE catalog of 923 new star cluster candidates. Comparison shows that we have 7 common candidates. The VVVX cluster candidates CL065; CL070; CL073; CL074; CL084; CL097 and CL120 are matched within 20 arcsec radius with Ryu670; Ryu657; Ryu687; Ryu664; Ryu715; Ryu711; Ryu796, respectively. Since the Ryu & Lee (2018) catalog was published after this paper was submitted to the journal, we consider these objects simultaneously discovered and 7 http://www.univie.ac.at/webda/ didn't remove them from our list, as in the case of previous catalogs.
The preliminary analysis, based only on the appearance on the VVVX images shows two general groups: 53% (64 objects) have the typical appearance of open clusters, the rest of the sample (56 objects) are projected on H II regions, bubbles, nebulosity or around some early OB stars, YSOs and IR sources.
The cluster radii were measured by eye on the VVVX K S tiles. This method was preferred over automated algorithms, in order to include objects that are not resolved into stars. The area around cluster candidates is smoothed and the density contours are over-plotted with the lower limit of the contour equal to the density of comparison field. The normalized histogram of the Number of star clusters vs Radius is shown in Fig. 6 . The sample was divided by two: embedded/young clusters (red color) and open cluster candidates (blue color). The Gaussian distribution gives the mean radius of the young clusters sample of 18.5 ± 9 arcsec, while the open cluster sample is centered on 57 ± 30 arcsec. For comparison, the Gaussian distribution of the known infrared clusters in the investigated VVVX area (see previous paragraph) is centered on 62 ± 47 arcsec. Thus, in this study, we are adding the fainter and compact (with small angular sizes) new candidates. This looks very similar to the size distribution plot for the clusters found by visual inspection of the GPS/VVV area (Froebrich et al. 2017) . The small sizes suggest that the clusters are distant, but the sample could be biased and further investigation is necessary to confirm or reject such suggestion.
Using the information from Table 1 (see previous paragraph) we can derive some preliminary relations from the new sample of cluster candidates. In Fig. 7 , left and middle part, we overplot the sky proper motion vectors, while the right panel shows the proper motion diagram. The blue squares and red circles represent the cluster candidates projected on the North and South VVVX disk area. As can be seen from the figure, in general the clusters follow the disk motion (with exception of CL049, 056, 080, 089 and 103). This is more notable in the South disk area, at higher Galactic latitudes, where the distribution seems more homogeneous. The last panel shows a clear concentration of the candidates towards the lower left part, where the galactic disk stars are projected. Figure 8 illustrates the mean normalized distances and radial velocities of the cluster candidates, taking in consideration the corresponding errors. The distance distribution seems complex, with several groups around 1.3; 2.3 and 3.1 kpc. The mean value of the sample is 2.21 ± 0.86 kpc, calculated as a peak of the Gaussian distribution. Thus, Gaia DR2 distances can be used up to 3.5-4 kpc, but most of the clusters are closer than 2 kpc. The radial velocities are distributed around R V = −36 ± 47 km/s. A very week correlation (9%) between radial velocities and distances is found, but this could be selection, small sample effect. Again, these values should be taken as preliminary and used with caution.
SUMMARY
In this work we report a catalog of 120 new infrared clusters and stellar groups projected in the disk area covered by the ongoing "VISTA Variables in the Vía Láctea eXtended (VVVX)" ESO Public Survey. The search is performed by visual inspection on the pipeline processed and calibrated K S -band tile images. The initial list of candidates is then validated using the composite JHK S color images, K S vs (J−K S ) color-magnitude diagrams and Gaia DR2 proper motions. A smaller proportion of embedded candidates is detected in comparison with previous VVV searches, as would be expected given that much of the area searched is slightly further from the Galactic equator. The smaller number density of candidates is explained by the fact that the area covered by this new search (the outer part of the Galactic disc) is significantly less crowded and reddened than that of the previous search. In general, the clusters follow the disk motion.
The Gaia DR2 distances are estimated up to 3.5-4 kpc, but most of the clusters are closer than 2 kpc. 
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APPENDIX A: VVVX CLUSTER CANDIDATES: CATALOG
In Table A1 are tabulated 120 new candidate star clusters or stellar groups. The first column gives the identification, followed by the equatorial coordinates of the center determined by eye, eye-ball measured apparent cluster radius in arcsec, the name of the corresponding VVVX tile and some comments about the nature of the object. In Table B1 are tabulated the candidate star clusters with reliable Gaia DR2 parameters. The first column gives the identification, followed by the equatorial coordinates of the center, median proper motion and parallax, as well as the calculated distance and radial velocity, with corresponding errors. Figure C1 shows the composite color images of VVVX open cluster candidates. The field of view is 2.5 × 2.5 arcmin, north is up, east to the left (unless specified in the image). The clusters are shown in order corresponding of the Table A1 .
The red large circles indicate the cluster candidate approximated boundaries and are given to assist the reader to easy identification.
APPENDIX D: COLOR MAGNITUDE DIAGRAMS OF SOME OF THE VVVX OPEN CLUSTER CANDIDATES.
The color magnitude diagrams of some of the new open cluster candidates are plotted in Fig. D1 .
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